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Abstract 

The distinctive feature of the GroES-GroEL chaperonin system in mediating protein folding lies in its ability to exist in a tetradecameric state, form a central cavity and encapsulate the substrate via the GroES lid. However, recombinant GroELs of Mycobacterium tuberculosis (Mtb) are unable to act as effective molecular chaperones when expressed in E. coli. We demonstrate here that the inability of Mtb GroEL1 to act as a functional chaperone in E. coli can be alleviated by facilitated oligomerization. Directed evolution involving random DNA shuffling of the genes encoding Mtb GroEL homologues followed by selecting for functional entities suggested that loss of chaperoning ability of the recombinant mycobacterial GroEL1 and GroEL2 in E. coli might be due to their inability to form canonical tetradecamers. This was confirmed by domain swapping experiments generating Mtb-E. coli chimeras bearing mutually exchanged equatorial domains, which revealed that E. coli GroEL loses its chaperonin activity by altering its oligomerization capabilities, or vice versa for the Mtb GroEL1. Further, studying the oligomerization status of native GroEL1 from cell lysates of Mtb revealed that it exists in multiple oligomeric forms including single ring and double ring variants. Immunochemical and mass-spectrometric studies on the native Mtb GroEL1 revealed that the tetradecameric form is phosphorylated on Serine- 393, while the heptameric form is not, indicating that the switch between the single and double ring variants is mediated by phosphorylation. 


